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(57) Abstract: 

PROBLEM TO BE SOLVED: To recover from the 
process damage sufficiently in a hydrogen annealing step 
even for a semiconductor device having a wiring layer 
that includes a Ti layer. 

SOLUTION: A cover layer 17Q made up of wiring layers 
and a Ti layer at the bottom is formed on a layer 
insulating film 14 that covers a MOS transistor T. A 
hydrogen annealing step for recovering process damage 
is carried out before a silicon nitride passivation 
layer that covers the cover layer 16Q, wiring layers 
16C, 16S and 16D is formed on the insulating layer 14. 
The hydrogen annealing stem is carried out in an 
atmosphere including hydrogen and nitrogen at 400 to 
450°C for 30 minutes, where the lower limit of 
concentration of hydrogen is made higher, by an 
occlusion value of hydrogen to the Ti layer, than a 
normal limit without the Ti layer. In the case that the 
cover layer 16Q is not included, and the wirings 16S and 
16D are put in the vicinity of the transistor T, the 




(19)B*H#ffBf (J P) 



& m 4# & & w ^) 



#^¥9 -252131 

(43)&BBB ¥l£9*f(1997)9fl22B 



(5i)intci. 6 mm*% ffftmwm^ f i Rffi^mm 

H 0 1 L 29/78 H 0 1 L 29/78 3 0 1 N 

21/28 3 0 1 21/28 3 0 1 R 

21/3065 21/324 Z 

21/324 21/302 N 



m&m$t *bs* m#m<D&3 fd t£ 8 h) 



(21)£ti®#^ 


*«g¥8- 103377 


(7i) tarn a 


000004075 










(22)ffiBBB 


^8^(1996)3^290 




#|59Jg£^ffi*iRllT10# 1 ^ 






(72)52W# 




(3i>e5fe*i±®#^ 


$$®¥8- 19336 






(32)@5fcB 


¥ 8 (1996) 1 mOH 






<33)£5fc*fci3SB 


B# (J P) 


(74)ft8A 





(54) B89JCD£;|fr] ^^#:ge©SS 



(57) mm] 

iz&^T, t i m^ti^mumm&^xh+^-u^m 

mi 4©±(c«T®iUTT i m*mirz>wmmfr*> 
tzz>t>n-m 1 6 Q^^-r-§.o 1 6 Qmm 

i^Jil6C, 16S, 1 6D£S^Tif&idBll A(D±\Z 

(D%m-v\z, 7K^R^m^tsnm^:4 o o~4 5 
0 30 [#] gs»i^aa^fT^-5/5^ 
©7K^mscDTis«, t i mw<z^ms\z>&mti'£tiz> 




(2) 

1 

^^g«©i?*re&oT. 

^z^t^ti^mwmorvm^ o hm&T i m\z& 
m$m2] HtnaT iiois^Tt [cm] 

SBT i »©/^->^P=ltrl2T i jg©ffla/mrfER 
7. 8x1 o 5 xpxTt + 0. 0 Ste-SiStc^T^: 

jrrsw^ 1 mz<D¥m&mm<DW&o 

lKicM-r-5*TS £ UT^A/e^-SS^c* 1 X» 2 1E*S 
©¥iStei£»©Sfe 

[f|BJcDf¥>BB^^] 

[0 0 0 1] 

[fgBj§©s-r-5»^»] ^©^hj^ Moss/h^> 
mam <jm7--)v$m ^mr^m^mm^m^iz 

fp©7k?&£gg©TI&£ii5 < i§3rr-3 £ t tc D-HKcIhI 
[0 0 0 2] 

s h 7>V7.*\zffiznz>7km7--)\4m.£ 

TR^^^^^ty^H^+T'TK^^S 5-20 ^ 
[%] . 5 0~4 5 0 DC] . P^l 0~1 3 0 

KH ©*#T&^SfT&5t>©#&SnTl/i.5 (M 

Afcf, «rH¥7 - 7 4 1 6 7-^##Rg) . 

[0003] ai6ti» fi*oMosah5>^© 

— W*jo?rt)CDTf. yU3>!j^ft^^I« 1 ©S 



W9-2 5 2 1 3 1 

2 

l*U-f>flBWD£«^trt>0rC. ^WSLDD (Li 
ghtly Doped Drain)#£gtC;&-3Tt^-5o 
[0 0 0 4] JfiMt20±Ctth7>^i'TS:fcT: 

ffRHe&0g 3 tmfifeti* tmztmm 3 kb* h u v 

S, HW>^Di^tl^tlM^b^SM?L3S, 3 

W >S3^» 4 D£«£n3o 
[0 0 0 5] ^tC. Xy5 L >^fC e fc^XS^->>S: 

mmmznz* ^lt, *&i®i3©_h{csE8iUf4s, 

4D^TCVD (^5*;i/-^-/\°-"7 ; ^^v'3 
» fet3J;0PSG 0J>$-r»#9;*) 15a« 
£©*£. ^7XvCVDfflIiOPSGi5a± 
fcSMfcS' U 3 >JB£ 5 b £flM"T -So A° y ->^- ~> 3 >K 
5 it. m 5 a , 5 b Kick D*tJ&£*l<5„ 

[0006] xKu^p/teK^y— — ;i^ia(cj;n 

[0 0 0 7] — 7j\ A*U7^;P£l/TT i Jf£#-T -5 

K«ui*j^rs»&, t i m\z£z>7k.mi!m*tim\L 
TRwmz&mfrrzrz.sbiz, t i miz^mMma^m 
iz^^Tm^^-r^m^m-^tiim^nx^ 
<mz-& W7 - 9 4 6 9 2wmmm . 

[0 0 0 8] 

SOaKJ; T i S*^OB3i^^^MOS^h^> 
s JX5r<D±fi\zfttt&m&\zJM?*-z><D\mhH- 

[0 0 0 9] 01 7ti. #«(*:aiglO*ffi{C01 6T 

fz.tm&7ii-$-<b<D-?&Z>o £W.1(D±W\Z\Z. h?>i> 
X^Tl T.SflltJTJi|Bttfi«l!l6dtJBl3cS*l» Ife^K 
6 ±{^{ J h7>WT, ©±77 {ClEi^MJi 4 
n-5c IE*fM5tJ§4fi, 09A«Al^d^a:**>©Tf» 
*TSfcT iS4a<&^rr§„ h^>>?X^Ti, T 2 \Z 

mm<n*m7--)iwm*Mvtzm. $mm&<D±-\zw. 
mm 4 ^m-D xmt-> u n ^©/s° ->^— > 3 >k 

[ooio] z<D<k??s.wmiz&z>t, ffimtm^m 
sty- h^S^t©lf®T^>yj >y^> no**** 

^+^-(^^nTO^^Cli:tCcfc-l)fe©<h#AT^So 
[0011] i©«fc'5«:*«BC*Wa"rSfc«). T i H€r 



(3) 

3 

[0012] ^<Dmm<Dsmt. *y h^^vym&z 

So 

[0 0 13] 

<D$m\zMosmh7>i?x?zmfffi-z>JM£^ mm 
tmm*Mf&tz>xmt. mmmm<D±\zT i 

(Dmm/^y ->^—> 3 >m&mi&rz>M\zmgBMo s 

C*5^X «^ffl^T®zf«(S«g|©TTS«:WET i 

t-rsfcwT&So 

[0 0 14] JKOfSIB0DjS*K:<fc*TJi. 

?#>mmw>i-\-fttet£nz>&o\zfrK>, jm?*- 

[0 0 15] 

mmv>$m<Dmmi 01-71*, z.ommz%&*m 

(i) ~ (7) zmkizmmtZo Hi~5ti, 01 1 

[0016] ( 1 ) v'U 3 pmco^m 
tern®. 1 0 ®sffi€r»?aMbUTSWfr>y 3 >^6&s 
y-r- ;h**s»bii 2£t§5j&tSo f«i 2«> *p 

=rrs» ?^?li 2A^i:iiN^t>^Mossh7 ^ 

sissBKKttcNs^rirrs. h9>s>*^Tra, 01 6 

S„ 01 lStGWl y-h«®»GIC^L^ 

[0017] (2) wz, mmi 2<D±\zm%tmc 

S» nfcb-fe. H8lcHK>aiJ©ffi»B€:*'r«fc5l3C 
VDSCiDlOO [nm] Of$0PSG114aR 5i7 



^98^9-2 5 2 1 3 1 

4 

1 0 0 0 [nm] CQJS^CDBPSG 0i?D> • U >7" 
<H^7X) Ml 4 b£fli#t»£irSo BP 
SGll 4b*BEoTllWE&tffcfe*K:«t:9SOG Utf 
>•:*>• TJ^X) 114c^3 00 [nm] <DBZ\Z 
i5tr^. SOGMl4ctJ. BPSG1BI1 4bCDJ^g 

GJBtl 4 cRtfBPSGll 4b^5 0 0 [nm] <DW 
^fc*WX7fA'7 * U B P SGSgl 4 b 
5» Ifiiil4«. PSGll4a<!:J|#t§BPSG 
l&l 4b<hT-»J&£*T.S. 
[0 0 18] (3) %\Z. mmi 4lCte. frhWif 

»*firr«S8l«JL 1 4 C £ V— *«WS fcttf^SSSHSFL 

1 4SiHW>^D!-*f^£rTS^JLl4Dt^ 

j£TSo 

[0 0 19] (4) #|C, *&gdg|l 40±lCjg^?Ll 4 
C. 1 4 S. 1 4D£?gt3TB3ga**Jl 1 6 £«TS„ 
■TJ&to'fe> 01 Olzmffl&iriT&^lzxrtypmz&r) 

2 0 [nm] ©)¥$©Till6atl00 [nm] CD 
)¥$0TiN116bi3 5O [nm] 0Jf$fflAl-& 
& (A 1 - S i -CuM) I16cil0 [nm] 0 
B^CDT ill 6 di5 0 [nm] ©Jf^cDT i NJ1 1 
6 e £&mk\ZMf&?Z>« T i 11 6 all, mmSKZ: 
mtt&TclsbCDbCD. TiNH6 bit. ££l 

a i<D%mzm<frtb<D/v)7m. Tiiiedit a 

1 16c <DS®(D^b£|»<r£:<&CD T i N 

(DT*$>Z>o T i Nl 16 b. 1 6 e ©ftO \ZT i ON® 

[0 0 2 0] (5) ^{C, *hUy^77-fRtfI*7-f 
i-y?->^MStCcfcOSS^#g 1 6 £/\°^-->^LT 
0 1 1 KjST«k5&¥ffiA*->*£TSIBIIW 1 6 
C, 1 6 S, 16 D&Efc&AHl 1 6 Q£j£fiJtrSo IB 

ism 1 6 14 c^cD^&mffii&ifrL-zmmi 

BttUi l 6 Sit l 4 s^<o^H»:®S8KSLfefrb-cy- 
xm«sic^$nsy-x6Ei§UB©&©T&9, mm. 

I16D«, 14 ^©^©SBSHlSrt- GT H U^f > 

-« 1 6 QWU h ^>^7.^T-v©7K$>«A^W)ft'JTS 
g MXiSl-t 6 tlS t)OXcfeS„ 

[0021] mz. 05os^^7-— ;i^scD^oa^ 

i§[ I PT4 0 0~4 5 0 [X] 3 0 KH CD^#XfT7i 
Z\<Dm&- 7—-)VmW^(DimWk 
mCDTMU. I3rt—M 1 6 Q#tT ill 6 a<fr&S^i 
<t€rtC!£J5l<tSns*3ll^cr)TK«i:OfeT ifl6a 

\z&&7mmmftrz.rtn<ws£v. g&m\z\i» m& 



(4) 



#M¥9-2 5 2 1 3 1 



[0 0 2 2] (6) JfcC *fi»Kl 4<0±lCiBIIWl 6 
C, 16S, 1 6D*fcT^7X7CVDtel:<J:0 1 
5 0 [nm] ©@$0B^bvUn>Ml 8 a€:JgfiW 

-So 

[0 0 2 3] (7) ^> ifty'J3>I18a^I 
oT^XvCVD&t^D 1 0 0 0 [nm] ©JP£<D 
Wei* U n >K 1 8 b SrJgfiWS. A* y ~>^- ^ a >K 
1 8teu i{tvU3>ll 8 aS»>'Jn>il 8 

[0 0 2 4] 7— — ^ffi&tpOTKSRiiKN 

[0 0 2 5] 7mm&m*n in. Ti KcfcSzfcaUR* 
KHout, h9>5*;**©y.*— ^IeIW-j&!S&* 

i ©srasbsns. 

[0 0 26] 

[$tl] He f f =H i n-Ho u t >Hm i n 

Ho u t =S t XT t X o 
= 5. 0X1 0 2 1 

T iim&VtS.^M&^ N=5 [%] TStlTl^ffl 

Hm in = 6. 4X10" 
= 3. 2 X 1 0 14 

t2~40Hi n, Hou t. Hm i n^ffll^-Si:. ^1 

Heff = 6-4 x 10» x S x N — 5. 

[0 0 3 1] 

[|fc6] N>7. 8X1 0 5 X (St/S) XTt + 
0. 05 

dCT?, (S t/S) £T >#P£-r<&£, 
[0 0 3 2] 

[£&7] N>7. 8 X 1 0 5 XPXT t + 0. 05 
T i ©A°^->^Ptt, #?R<Z)f£»&6 0 [/tm] 

iZmi 1 (Dtl/^—M 1 6QKlO(,vrT i «1 6 aO-tH" 
XA, B£-t*l-6ft4 0 [jtitn] . 2 0 [jam] <hf-5 
<?:. ^CD^8©^T?^c*e.n^„ 
[0 0 3 3] 



**<Z*K»flaS:*D=l. 5X10" 10 [cm 2 /se 
c] . 7—-)Wm& t = 1 8 0 0 [sec] . 
iM^Cs= (6. 02X10") / (55. 2X1 
0 3 ) XN. ^©M«?rSt-r-g)<h. *$«HHi n 

[0 0 2 7] 
[&2] 

H i n = 2 /V*~ x /D x t x C s x S 

= 6. 4X1 0 ,5 XSXN 

T i CDtSfS^rS t [cm 2 ] , T i ©flgJPSrT t [c 
m] , Ti®ftft*p = 4. 5 2 3 [g/cirf] , 7 
^#Fng;£A=6. 02X10", T i (DjgrHk&m 
= 4 7. 9, tK^ODT i 4 J *e®@®S5rK= 1 5 [at 
om%] t-T-Si:. T i {Ccfc-5>7K^K^«Hou t«, 
3 CD^T^^n-So 

[0 0 2 8] 

B&3] 

XA/mXK/ (1-K) /2 
XS t XT t 

[0 0 2 9] 

B&4] 

XSX0. 0 5-5. 0X1 0 21 X0 
XS 

[0 0 3 0] 
K5] 

0 x 10" x St x Tt > 3.2 x 10" x S 

P=Tifl6a (Dffim/H<DWm 
= (40X2 0)/ (tcX6 0 2 ) 
= 0. 0 7 1 

#C0D£ltt. Till6a KlOt^TflgJp^ 2 0 [nm] 
XIJ4 0 [nm] iZt&£.mz. ¥®A°^->£ nj> 
^1 . ^ r > a j Xtt |*j tCUTT i CDA"^- 

>^R^*/J«^*^M*^^n j etl^: 8 RIM 7 

<D5Z\zft^Twmurd^%7Ffrh<D~?&z> 0 tea. m 

[0 0 34] 
[*1] 



TiSg^ [nm] 


20 


40 






'J >^ 




K 


/It 


•J >i/ 




K 




0 


220 


388 


800 


0 


220 


388 


800 




0 


1.9 


3.4 


7.1 


0 


1.9 


3.4 


7.1 




5.0 


8.0 


10.3 


l&l 


5.0 


10.9 


15.6 


27.2 



i Ml 6 a 0 , HJ >^*j (J, 012 

fC^-r=t5^*^95{3?LR^ISWc*A-Sl 6Q, t 
ra-/^->TT i|16a £^ttfc»&-?& 0 . 
•r>aj fi. 01 Sf^Tck^t^^fc^^L&tf 
X^— X S P SiSW^A-jl 1 6 Q* £|hJ--A°^-> 
T?T ill 6 a *WLrttzM&-Z3bZ>* H11~13K* 

M-I16Q, 16Q>, 1 6 Q 2 
A, B. A., Bit, y- h&L&EW- HWWSfcE* 



A, = 



(5) W9-2 52 1 3 1 

8 

A=4 0 [/im] > B=20 Urn] . 
30 [/Am] . Bi = 12 [/Am] „ L = 0. 5 
m] , W=2 0 [/Am] 
[0 0 3 5] *OS2 fi, * 1 fC^UfcT i BUK&tf/t 

[X] , 1 0 [%] , 2 0 [%] 0ck9l:tlUT*^ 

;/S S [mV/d e c a d e] *ateUfc*£*&jS-r*> 

7tf [0 0 36] 
[*2] 



Ti^J? [nm] 



-i/^&M til* 

N 



5% 



10% 



20% 



20 



mm 



mm 



V >f / vis*. /<y 



mm 



mam 



87.5 



87.3 



90.3 



87.9 



40 



L 'J >^ > 



is® 



88.0 



m7t 



90.1 



86L£: ' 



110.0 



98.6 



Z\Z\~U. VKy KJ ©+)->yOM£, — )VnW&&V> 20 

XlMi, T ill 6 a LfcjS^G)* Wiy Hi © 
U6a^l 2<D/W->\Zl,%j&-?<D& Kj 
TiI16 a £01 3©/^- >(c:U^-c?CD* r/\°. y 

[0037] ant. *^7--;H2ua^5-9-yxu->v 

a^HXD— y-Bfi. 8 7 [mV/decade] <fcD 

aTCTr:— ^UfcB^eDfc©-?, 8 7 [mV/d e c a 
de] i0/h©*fr€r»tEUT*50, IS^-^OE] 

[0038] ii4tt, z\<Dwmfc<v$m : Rm\z&z> 

MOSSb^yyX^^t*)®^ 015COX-X' 
JftlC»"5lffBSCffia-rS. 014, 15!d43^T, 01 
~7 <h^©S15«-[3(i^©^*#UTi¥iSB^BJ€ 

[0039] 014, 1 5(Dmm&m<D¥m.'t-$-z>iiZ\ 
#n— ji 1 6 q£&< u y-xiagm 1 6 SR 

>fffi$Ull 6Dfch7>^^T©y-h»T 
oCDifi^{3iHSLfe^tT?*S. 0 1 5 IdiStiT. SC 
Si^DCtt, BBIftJBi 6 soy— x«ttsic*rr5n> 
9 9 VWkTSW&m 1 6 D CD H K >«^D td^ff -S 3 

[0040] 014. 1 SlZmLTcmtiUZte^Tb, BE 
i|§Uil6S. 1 6D*i*T*<kUTT i»££A/T?t^5 



[0041] z\<mmi^ ±Mzvrz.mmmnzw£zti 

[0 042] (1) BBit^Jil 6 C. 16S. 16Dfc:& 
r>T«T 1116 a[Cffi^-r-5T i Jf ^^t % 

g 1 6Q, 1 6 Qi , 1 6 Q* Kcfe^TteT i 
116d KLfflyST-ST i Mi Mtfti 5„ .1*1 ^>©T i Jf 

Koi^-ni, ^7<D^oo^m®g'C7K^®5i»£#^:L 

[0 0 4 3] (2) JKOjB^i. 4J:0±(C1 

&\zbmm°imx$>z> 0 

[0044] o) tirt-miz. &mmfrt>tmvrz.M 
zmisfcfr, tmm\zmftisT^Tb&<,\ 

[0 0 4 5] (4) 7j(.m7—— )WHm& ny>^— ,> 
3>I1 8 ^figr^MfCff^T^^^ 

> 3 >B»t p s G^©**sarr«rc**u£ ; 1 •> >^ 

[0 0 4 6] 

[0 0 4 7] Sfc, TK^y^XTMg^ffl^SfcCDTf^ 



9 

[03] 02<DXS(C^<^g?L^fi)tE@&^-rS« 

[06] m5<DJM\zn<Mfc^)^>wm&zm* 
[07] m6<Dxmzm<mk^v^>m&f&im$: 
[08] mmmmm&<Dtt<Dmmmmj:nz^ 

[09] i8 ffllgl«< l-^A'y ^Ig^tS 
1£»f®0T?&-5„ 

[010] wmtmmf&<Drc®(DmmmmjMz^ 
-r*^»fffi0T**-g>o 



[01] 




(6) 5 2 1 3 1 

10 

[011] 01~5(^^rr-5MOSSIh7>^7>iS' 
Sr^-r 5 FM0T$>-5„ 

[012] tirt-m^mnz-y^mDm&ittw- 
[013] */^— m<DW-w^— ><Dm\zm<Dm&7K 

■T¥®0T:cb-5o 

[014] ^OM^OffeCDllSS^^iC^SMOSSh 
V > ^ ^-r»fffi0TJ*>-5o 

[015] 01 4©h^>>?7.^CDy-7.BB^MRt/ 

KW>BB^»^-r^ffi0T*§o 

[0i6] ^(Duosmh^y^^^^rrmmi 
[017] «^feo*m7'--;wx@cD^g^^^-r 

10:¥#*m 12, 14:*fegdBI> 1 6 : gS&*t 
)f, 16C. 16S, 16D:I38Wf, 16Q, 16Q 
, , 1 6 Q 2 : tin-m. 18a: ^kv-'J 1 8 

b : gfty'J^yE 1 8 : Ky>"<—>>a>Wl* T : 
20 MOSgJb^v^o 



[02] 




(7) 



#W¥9-2 5 2 1 3 




[011] 



[01 2] 



(8) 



5 2 1 3 1 



[014] [015] 




[017] 

[016] 




